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11.-THE REDUCTION OF OSMIC ACID BY LIPOIDS. 

By J. R. PARTINGTON and D. B. HUNTINGFORD. 

(Read November 1'7, 1920.) 

THE use of osmic acid in microscopy for staining fats and allied 
substances has long been applied. The material is immersed in a 
dilute aqueous solution of osmic acid; reduction of the latter 
occurs, and a deep black substance is deposited. I n  the case of 
olein globules the black stain penetrates the drop completely, and 
extrudes on treatment with turpentine. The composition of the 
black substance has been variouslystated to be metallic osmium (I),* 
a lower oxide (a), or a lower hydroxide, such as Os(OH),. At the 
suggestion of Ur. J. B. Gatenby the authors decided to attempt an 
analysis of a small amount of the material placed at their disposal. 
This had been prepared in the following way:-Pieces of tissue 
were placed in a clear 2 p.c. aqueous solution of osmic acid (osmium 
tetroxide, OsO,). After a few days' use the solution became black. 
The liquid could be filtered without losing its colour, so that the 
substance is in the state of colloidal solution. On addition of a 
little chromic acid, or potassium dichromate solution, a fine black 
powder deposited, which could be filtered off and washed without 
passing back into colloidal solution. The filtered solution some- 
times contains a little unchanged osmic acid, according to the 
completeness of reduction of the solution. In  the particular soln- 
tion used, a little osmic acid was still present before washing. 
The black precipitate was dried on the filter paper in a desiccator 
over sdphuric acid for ten days. A slight greenish tinge possessed 
by the moist substance disappeared on drying, and the product 
was a pure black powder, easily detached from the paper. The 
powder was not heated during the drying process. 

For various reasons it was assumed that the material so 
obtained was the same as that present in the stained fat globules, 
but further experiments with osmic acid and pure olein in vit7.o 
are in progress which will decide this point conclusively. 

From its method of preparation the material might contain the 
following substances : Metallic osmium ; lower oxides of osmium ; 

* The italic figures within brackets refer to the Bibbography at end of the 
paper. 
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water, either in combination or absorbed by the solid ; and, finally, 
chromium compounds from the chromic acid used in precipitation. 
The absence of chroniium was shown by fusing the residue froiii 
the experiineri ts described below with sodium carbonate and 
potassium nitrate, dissolving the mass in water, adding dilute 
sulphuric acid and hydrogen peroxide, and shaking with ether. 
No trace of blue colour was detected in the ether. 

The carefully weighed black substance was placed in a porce- 
lain boat in a hard glass tube through which a current of carefully 
purified hydrogen was passed. When all the air was displaced 
from the apparatus the powder was heated. The water aontained 
in the substance was driven off, and was collected in a carefully 
weighed phosphorus pentoxide tube. If the powder consists of 
metallic osmium and water, the loss in weight of the boat and 
substance, after cooliiig, should be exactly equal to the gain in 
weight of the phosphorus pentoxide tube. If, however, the sub- 
stance contains an oxide of osmium, the increase in weight of the 
phosphorus pentoxide tube will be greater than the loss in weight 
of the boat, since water will be formed from the oxygen contained 
in the substance. The gain in weight of the tube will now be 
made up of two parts: (1) The water originally contained in tlie 
powder as such; ( 2 )  the water formed from the oxygen in the 
powder, the weight of which may be calculated from the loss in 
weight of the powder and the total weight of water formed. It 
was found that more water was formed than corresponded with the 
loss in weight of the powder, and the ratio of oxygen to osmium in 
the latter was fouiid to  be 2 : 1. The material is therefore osmium 
dioxide, OsO,, and not nietallic osmium. Water was also present ; 
but althougli the composition corresponde'd closely with the 
formula 0sO25H ,O-and a hydrated oxide has heen described by 
former experimenters ($)-the exact state of this water cannot at 
present be decided with certainty. 

The experimental details were as follows : Hydrogen was 
generated from a considerable quantity of piire electrolytic ziiic 
and hydrochloric acid (1 vol. of pure conceptrated acid to 4 vols. 
of water) in a bottle provided with a dropping funnel for the acid 
and a run-of tnbnlure at the bottoni. Admission of air was there- 
fore iecluced to a ininimiim. The gas was freed from acid spraj- 
and vapour by bubbling slowly through caustic soda solution in a 
wash bot,tle, and was roughly dried in a calcium ehloride tower. 
To remove all traces of oxygen from the gas it was next passed 
through a heated tube containing platinized asbestos, and the 
moisture was then conipletely removed by passing through a long 
tube containing calcium chloride in the first part and phosphorus 
pentoxide in the second part. The two materials were separated 
by a column of glass wool. 
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The purified hydrogen was next passed through a hard glass 
tube containing the black substance carefully weighed into a 
porcelain boab. The gas was allowed to pass through this for ten 
minutes to displace air, and the tube containing piatinized asbestos 
mas heated to redness, and was kept heated throughout the rest of 
the experiment. The gas was allowed to pass for another ten 
minutes, and the tube containing the substance was then connected 
with a carefully weighed IT-tube with glass stopcocks, containirig 
phosphorus pentoxide. The combustion tube was then heated to 
redness and maintained at a red heat for fifteen minutes, wit11 
hydrogen passing through. A guard tube containing calcium 
chloride was attached beyond the weighed phosphorus pentoxide 
tube to prevent any possible diffusion of moisture from the air. 
Since dry hydrogen or air was always passing through the 
apparatus when the stopcocks of the P,O, tube were opeii, it was 
not riecessaryto use a P,O, guard tube, and calcium chloride was 
sufficient. 

The tube was allowed to cool in the current of hydrogen until 
it was possible to handle it, and tile hydrogen was then displaced 
by a current of dry air passing for half an hour. The possibility that 
some water was formed by catalytic action of metallic osmiim 
when the hydrogen was displaced by air, was negatived by repeating 
this part of the operation with a weighed phosphorus pentoxide 
tube attached. No increase in weight of this tube was found. 

* "'zr the hydrogen had been displaced by air the boat alld the 
drying tube were weighed. 

Since the entrance of air into the apparatus was of no  account 
except after the tube containing platinized asbestos, ordinary 
rubber stoppers were used up to this point. The comexion 
between the drying tube after the platinized asbestos and the hard 
glass tube containing the boat was made by a small rubber stopper. 
Minute quantities of air might leak into the apparatus by diffusion 
through this stopper. Experiments showed that when the tube 
was heated under the same conditions as in the actual experiment, 
but without the boat, there was, in fact, ci very slight gain in weight 
of the phosphorus pentoxide tube. After the whole apparatus 
had become perfectly dried by long passage of hydrogen, this 
increase in weight was practically constant tor the period of opera- 
tions described, and amounted in total to 0.00081 grm. This 
weight was subtracted from-the gain in weight of the tube in the 
actual experiment. We are inclined to the opinion, from previous 
experience in similar work, that this correction is probably smaller 
than would have been the case if glass joints had been used 
under the conditions of the experiment, so that more complicated 
apparatus would not have offered any advantages. 

1 The results of the single experiment, which it was possible to  
C 
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carry out with the small amount of material at our disposal, are 
given below:- 

Weight of boat + osmium compound before experiment = 3.18h65 
after . = 3.16766 

Weiggt of boat alone . .” . . . .” . = 3.14585 
Loss of weight of substance . . . . = 0’01499 
Weight of residual osmium. . . . . . = 0.02188 
Weight of P,O, tube before experiment . . . = 22.27879 

after ,, . . . = 22.29508 
Weight df‘ water derived from substance = 0.01629 - 

0.00081 . . . . . . . . = 0.01548 

Grm. 

- 
- __ _ _  ._ 

Oxygen . . 

Let p = weight of water contained in substance, and p = weight 
of oxygen contained in substance. Then p + q = 0 * 01499, and 
p + $ p  = 0.01548. Hence, p = 0.01107 and p = 0.00392. 

From these figures, and the weight of the osmium, the following 
ratios are found :- 

9 

Ratio Weight/Atomic (or 
Weight. molecular) Weight 

.. ______ .~ 

0.00392 ’ 0.000245 2.1 

These figures indicate that the black substance is a hydrated 
form of osmium dioxide, Os0,Aq. They would point to an 
approximate formula 0s0,5H2O. Such a substance has been 
described, but we are not sufficiently convinced that the amount of’ 
water contained in the solid was that corresponding with a definite 
hydrate ; the degree of desiccation of the material was too arbitrary 
to allow of‘ any such conclusion being drawn. If the small amount 
of material be taken into account, we believe, on the o t l p  hand, 
that the results are definitely in  favour of the dioxide, and in any 
case they definitely negative the hypothesis that the black- material 
is metallic osmium. 

The properties of osmium dioxide have recently been described 
by 0. Ruff and H. Rathsburg (39, but the material dealt with by 
these experimenters does not appear to have had properties a t  all like 
those of our substance. They state that a colloidal solution is 
formed, but the precipitated substance passed again into solution 
on washing. Two solid forms are described, one pyrophoric-or 
even spontaneously explosive when dry-and a second stable form, 
OsO,, 2Hz0, reduced almost explosively by hydrogen, and oxidized 
rapidly by oxygen. Ths older experiments of Berzelius (4) pointed 
to a substance of much greater stability, and we are inclined to 
think that the material used hy Ruff and Rathsburg may have 
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contained some organic matter used in the reduction, and that its 
properties were modified by this substance. In later experiments ’ 
we hope to be able to examine more definitely the properties of 
osmium dioxide, and of the black substance used in this experi- 
ment, and also the action of different reducing materials on osniic 
acid. The latter experiments may be of value in differentiating 
tissues under the microscope. Since the subject appeared to he 
extremely obscure, and the statements contradictory, we thought it 
would be of interest to record the results of our experiments at the 
present stage. 

SUMMARY. 

The black substance formed by the reduction of osmic acid by 
olein in tissue-staining was found to be a hydrated form of osmium 
dioxide, OsO,, and riot metallic osmium, as has sometimes been 
stated. 
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